This paper investigates the problem of robust exponential stability for uncertain linear-parameter dependent LPD discrete-time system with delay. The delay is of an interval type, which means that both lower and upper bounds for the time-varying delay are available. The uncertainty under consideration is norm-bounded uncertainty. Based on combination of the linear matrix inequality LMI technique and the use of suitable Lyapunov-Krasovskii functional, new sufficient conditions for the robust exponential stability are obtained in terms of LMI. Numerical examples are given to demonstrate the effectiveness and less conservativeness of the proposed methods.
Introduction
Over the past decades, the problem of stability analysis of delay discrete-time systems has been widely investigated by many researchers. Because the existence of time delay is frequent, a source of oscillation instability performances degradation of systems. Stability criteria for discrete-time systems with time delay is generally divided into two classes: delayindependent ones and delay-dependent ones. Delay-independent stability criteria tend to be more conservative, especially for small-size delay; such criteria do not give any information on the size of the delay. On the other hand, delay-dependent stability criteria is concerned with the size of the delay and usually provide a maximal delay size. Moreover, robust stability of linear continuous-time and discrete-time systems subject to time-invariant parametric uncertainty has received considerable attention. An important class of linear time-invariant parametric uncertain system is linear parameter-dependent LPD system in which the uncertain state matrices are in the polytope consisting of all convex combination of known 
Problem Formulation and Preliminaries
We introduce some notations and definitions that will be used throughout the paper. Z denotes the set of non negative integer numbers; R n denotes the n-dimensional space with the vector norm · ; x denotes the Euclidean vector norm of x ∈ R n ; that is, x Consider the following uncertain LPD discrete-time system with interval time-varying delay in the state
where k ∈ Z , x k ∈ R n is the system state and φ s is a initial value at s. A α , B α ∈ M n×n are uncertain matrices belonging to the polytope of the form
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ΔA k and ΔB k are unknown matrices representing time-varying parameter uncertainties, we assumed to be of the form
2.3
The class of parametric uncertainties Δ k , which satisfies
is said to be admissible where J is a known matrix satisfying
and F k is uncertain matrix satisfying
In addition, we assume that the time-varying delay h k is upper and lower bounded. It satisfies the following assumption of the form
where h 1 and h 2 are known positive integers.
Definition 2.1. The uncertain LPD discrete-time-delayed system in 2.1 is said to be robustly exponentially stable if there exist constant scalars 0 < a < 1 and b > 0 such that
for all admissible uncertainties.
Lemma 2.2 see 5 Schur complement lemma . Given constant matrices X, Y, Z of appropriate dimensions with
In this section, we present our main results on the robust exponential stability criteria for uncertain LPD discrete-time system with interval time-varying delays. We introduce the following notation for later use:
Lemma 3.1. For any A α , B α , h in 3.1 , P α and Q α given by
are parameter-dependent positive definite Lyapunov matrices such that
if and only if
Proof. Consider
3.5
We assume that
Using Lemma 2.2, we obtain
We rewrite the latter inequality as
3.8
Using Lemma 2.3, inequality 3.8 holds if and only if there exists > 0 such that
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If we apply to 3.9 , then we obtain Proof. Consider
3.12
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3.13
Then, it follows from 3.11 , 3.12 , and 3.13 that 3.4 holds. The proof of the lemma is complete. Proof. Consider the following Lyapunov-Krasovskii function for system 2.1 of the form
where
3.15
A Lyapunov-Krasovskii difference for the system 2.1 is defined as
Taking the difference of V 1 x k and V 2 x k , the increments of V 1 x k and V 2 x k are
3.18
Form h k ≥ h 1 , the two last terms of the right-hand side of the latter equality yield
Thus, we obtain
The increment of V 3 x k is easily computed as 
